Background: To control soil-transmitted helminth (STH) infections, the World Health Organization recommends schoolbased deworming programs with a health hygiene education component. The effect of such health hygiene interventions, however, has not been adequately studied. The objective of the present study was to determine the effectiveness of a health hygiene education intervention on the occurrence of STH re-infection four months post-de-worming.
Introduction
Globally, soil-transmitted helminth (STH) infections (Ascaris lumbricoides, Trichuris trichiura, and hookworm) constitute one of the most important neglected tropical disease clusters of our time [1] . They affect over two billion people and cause significant morbidity and disability [2] . School-age children are considered the highest risk group as STH prevalence and intensity peak in the 5-14 year age group [3] . STHs are the leading cause of physical and intellectual growth and development delays and impairment of children in endemic areas [4, 5] . The World Health Organization (WHO), the United Nations Children's Fund (UNICEF), and the World Bank, among others, recommend deworming programs targeted to school-age children as the most cost-effective means to combat STH burden of disease [6] . In its listing of the most costeffective investments targeting the top ten global challenges, the Copenhagen Consensus ranked deworming of schoolchildren as fourth among 16 interventions [7] . By treating the highest risk group, environmental contamination is reduced, and consequently, infection in the wider community decreases [8] . School-based deworming programs have been shown to contribute towards achieving several of the Millennium Development Goals (MDG) [9] .
Despite effective treatment options for STH infections, reinfection following treatment alone is inevitable [10] . One strategy that has been identified to reduce re-infection following deworming treatment is health education, focussing on teaching hygienic and sanitary behaviours [10] [11] [12] . The inclusion of a health education strategy into school-based deworming programs is recommended [13, 14] , based on the rationale that exposure to STH infections would be reduced and re-infection delayed through improved knowledge and behavioural changes [11, 15] . Health education strategies have been found to reduce the cost of deworming, and increase the level of overall health knowledge and acceptability of deworming interventions within the community [16] [17] [18] . Previous research investigating the knowledge, attitudes and practices of populations living in STH-endemic areas has revealed sub-optimal knowledge regarding STH infections; and, behaviours that could prevent STH infections are not being practiced [19, 20] . These results indicate that increased attention and research should be placed on health hygiene education integrated into deworming programs -to maximize the potential benefits.
Only five studies have previously investigated the efficacy or effectiveness of a health education intervention on STH prevalence or re-infection rates, with one study showing the benefits of such intervention on prevalence [21] [22] [23] [24] [25] . They, however, do not provide an adequate appreciation of the impact of a health education intervention because of methodological limitations (e.g. lack of randomization, no control group, no disaggregation of effect, or underpowered analysis).
The aim of the present study therefore was to investigate the effectiveness of a health education intervention targeted to schoolchildren on: 1) STH re-infection (the primary outcome); 2) general knowledge regarding STH infection and 3) STH-related behavioural change, at the individual level.
Methods

Ethics approval
This study was approved by the Research Ethics Board of the Research Institute of the McGill University Health Centre in Montréal, Canada and the Comité Institucional de Bioética of the Asociación Civil Impacta in Lima, Peru. This trial is reported in accordance with the CONSORT guidelines for cluster-randomized trials [26] . The trial is registered with clinicaltrials.gov (Registration number: NCT01085799). Written informed consent was obtained from each child's parent or guardian and written child assent was obtained from each child.
Study area and participants
The study was conducted in Belén in the Peruvian Amazon, between April 21, 2010 and October 20, 2010 . Belén is a periurban resource-poor community situated on the banks of the Itaya River. Due seasonal flooding, houses located in the low-lying areas of Belén (i.e. Belén Bajo) are constructed on wooden stilts or on floating platforms. Most inhabitants do not have access to reliable potable water for drinking nor adequate sanitation systems. Previous surveys have shown that STH prevalence is high in this community and particularly in the seasonally flooded area compared with the higher area (ie. Belén Alto) [27] [28] [29] .
All primary schools in Belén were eligible for inclusion in the study. Inclusion criteria for schools were an enrollment of at least ten boys and ten girls in Grade 5. Grade 5 children were selected as the study population because of their mean age (approximately 10 years). This age group, more than any other across the lifespan, has been shown to have peak STH prevalence and intensity and, therefore, is the most representative age group to document the effect of control activities. Inclusion criteria for the schoolchildren were: i) enrolled in Grade 5; ii) parental informed consent; and iii) child assent. After school participation was confirmed with school principals, information sessions were organized at each school with the parents of all Grade 5 children. The study was explained and parental consent was requested. Child assent was requested from each child whose parent had provided informed consent prior to the baseline assessment.
Study design and data collection
An open-label pair-matched cluster-randomized controlled trial study design was used. Baseline (April 21-June 16, 2010) and follow-up (at four months post-baseline: August 20-October 20, 2010) assessments were completed using the same study instruments. In brief, at baseline and at follow-up, a pre-tested and validated interviewer-administered questionnaire was used to collect demographic data, information on potential STH risk factors, and knowledge of STH transmission. Single stool specimens from participating children were collected and single smears analysed for STH infection and intensity using the KatoKatz technique [13] . A total of three visits were made to each school at baseline (and four visits at follow-up) in order to give children multiple opportunities to participate if they were absent during previous visits. Research personnel assisted the children in obtaining the stool specimens and then transporting them to the laboratory where they were examined within 24 hours. Once slides were prepared (according to the Kato-Katz method), they were examined within 40 minutes. Quality control procedures were performed on 25% of all slides. Laboratory supervisors reread these slides and discussed any discrepancies with laboratory technicians.
Following baseline assessment, all Grade 5 children were given a 400 mg chewable albendazole tablet (MicroLabs Ltd) by study personnel and each child was monitored to ensure that the tablet was chewed and swallowed. The tablet was administered the same day to children who had provided a stool specimen and on the third and final visit to children who had not been able to produce a stool specimen during any of the three visits. Efficacy of the albendazole treatment was assessed in a random sample of 385 children infected with at least one of the STH species two weeks following baseline visits [30] .
Author Summary
The World Health Organization (WHO) recommends including a health hygiene education component into school-based deworming programs to reduce intestinal worm re-infection in treated children; however, the effect of these types of educational interventions has not been adequately studied. In this study, we investigated the effect of a health hygiene education intervention within a deworming program targeting Grade 5 schoolchildren in Bélen, Peru, a highly worm-endemic area. Following baseline assessment, all children in 18 primary schools received deworming. Subsequently, nine schools were randomly assigned to receive a health hygiene educational intervention and nine were randomly assigned to not receive the educational intervention. Four months later, children from schools that received the educational intervention were found to be more knowledgeable about the transmission and prevention of intestinal worm infections and, although there was no observed effect on whipworms or hookworms, children were also significantly less likely to be infected with roundworms. These results support the WHO recommendation for the inclusion of health hygiene education into school-based deworming programs. The beneficial effects of deworming are likely to be enhanced when appropriate health hygiene education is integrated into the school curricula. A school questionnaire was administered to the school principal to collect information on the availability of gender-segregated bathroom facilities, water, soap, and on the level of bathroom cleanliness, in addition to information on school composition and organization.
Randomization and masking
The unit of randomization was the school. To ensure a balanced proportion of children in each group and comparability between intervention and control schools with regard to expected baseline STH prevalence, schools were matched on Grade 5 student enrolment and geographical zone (Belén Bajo vs. Belén Alto). Within each pair, one school was randomly allocated to deworming and health education (intervention schools) and the other to deworming alone (control schools). The allocation sequence was generated automatically using a custom function that allocated schools using a random number generator with a binomial distribution in R statistical software (The R Project for Statistical Computing, http://www.r-project.org/). The randomization was executed by an independent statistician blinded to Table 1 . Baseline characteristics of Grade 5 students who completed baseline and follow-up assessments and were dewormed following baseline assessment (n = 1,089), and of participating schools (n = 18), by intervention status, in Belen, Peru, April-June 2010.
Variables
Intervention Control school identity. The laboratory technologists (primary outcome assessors) were blinded to intervention status.
Health education intervention
The health education intervention was administered following the third baseline visit at each intervention school. It consisted of two components. First, in each Grade 5 classroom, a one-hour classroom activity was led by a member of the research team to describe STH acquisition, transmission and prevention. During this activity, a 32-page booklet (in Spanish) was given to each student and teacher. This booklet was inspired by the Urbani School Health Kit [31] and the Escuelas Promotoras de Salud strategy developed by the Peruvian Ministry of Health [32] . Second, a half-day workshop was organized for teachers and school principals with the goal of promoting an integrated health curriculum. These workshops were held on Saturdays following the baseline deworming. Teachers' resource booklets were provided and discussed. They were adapted from the Urbani School Kit and focussed on how to develop creative ways to help children improve their personal hygiene and understand the importance of preventing STH infection [33] .
Intervention schools were visited every two weeks between baseline and follow-up study visits during which students were reminded of what they had been taught during the class activity and were encouraged to practice what they had learned. Posters highlighting key health messages were distributed and displayed in strategic locations around the school. All education materials were pre-tested in similar schools of a neighbouring district.
At the end of the study, control schools were offered the health education intervention and children in all grades in both intervention and control schools were dewormed.
Statistical analysis
Due to the clustering by schools, a design effect was calculated from the intraclass correlation coefficient (ICC) to account for within-school clustering. As no reported ICCs of within-school clustering of STH re-infection were found in the literature, previous STH data from Belén [27] from 1,074 Grade 5 students were used to calculate the within-school ICC of STH prevalence.
The obtained ICC was 0?028, corresponding to a design effect of 2?77. The sample size calculation was based on the formula for logistic regression with a single binary covariate (i.e. the health education intervention) and the Wald test was used as the basis for computation. Assuming that 50% of the children would be exposed to the intervention, that the re-infection rate in the control group would be 49?5% [34] , that there would be an expected 5% loss to follow-up at 4 months, and accounting for a design effect of 2?77, a sample size of 1,101 would have good power (80?3%) to detect a moderate effect (i.e. OR = 0?57) and would have an excellent power (93?4%) to detect a strong effect (i.e. OR = 0?50).
A proxy for socio-economic status (SES) was constructed based on a Principal Component Analysis (PCA) of student-reported family asset ownership [35] . The asset variables selected for this analysis included: house material, use of gas for cooking, presence of electricity in the home, radio ownership, television ownership and number of persons living in the home. The first PCA axis explained 36% of the variance in asset ownership. This asset-based index was then categorized into quartiles.
Descriptive statistics, including population means, standard deviations and proportions (as appropriate) are presented to describe the study population. Both arithmetic and geometric means of STH intensity (ie. eggs per gram of stool) are presented to increase comparability with other studies.
Univariate results are presented as the difference in means of outcome variables between intervention and control groups with 95% confidence intervals. The 95% confidence intervals of the difference between two geometric means were obtained using 9,999 bootstrap replicates.
Clustering of standard errors at school level and the matched-pair design were taken into account through the use of multivariable random effects regression models and the inclusion of the pairs as fixed effects in all regression models, respectively. Random effects ordinal regression (also known as cumulative link mixed model) was used to determine the effect of the intervention on STH-related knowledge; random effects logistic regression, on behavioural outcomes and STH prevalence; and random effects negative binomial regression, on STH intensity. In order to improve the efficiency of the effect size estimates for the intervention, all multivariable models were adjusted for all known and measured confounders that were judged to have sufficient variation, few missing data, and small measurement error. These included: age, sex, SES status, presence of running water in the home, baseline values of outcome measures (e.g. baseline STH values, baseline knowledge values, etc.), time of year of baseline visit and length of follow-up. Effect modification of the intervention by sex was also explored. Potential contamination between intervention and control schools (i.e. spillover effects) was investigated by regressing, among control schools, categorized distance to the closest intervention schools for each outcome. Observations with missing variables (i.e. individual-level information) were excluded from the analyses (n = 2). Statistical significance was assessed at p,0?05. Intracluster correlation coefficients (ICCs) for STH infections at follow-up (in the control schools) were calculated using a generalized mixed model and model linearization was used to calculate variance components. Non-parametric confidence intervals for the ICC were obtained using 9,999 bootstrap replicates. All analyses were performed using the R statistical software, version 2?15?1. The 'lme4' library was used to fit the logistic random effect models; the 'ordinal' library was used to fit the ordinal random effects model; the 'glmmAMDB' library was used to fit the random effects negative binomial models, and the 'aod' and 'boot' libraries were used to calculate the ICCs.
Results
Of the 21 primary schools in Belén, 18 were eligible based on minimum enrolment criteria and were randomized to either the intervention (N = 9) or control group (N = 9) (Figure 1) . Of the 1,486 officially enrolled children, informed consent was obtained from 1,339 parents (90?1%) and child assent was obtained from 1,286 students (86?5%). Complete data (including baseline questionnaire, baseline stool specimen, dewormed at baseline, follow-up questionnaire and follow-up stool specimen) were obtained for 1,089 children, or 84?7% of those who assented (518 in the intervention group and 571 in the control group). Baseline information, collected before the initial deworming, for intervention and controls groups for participating children and schools, is presented in Table 1 . The efficacy of albendazole results are discussed in full elsewhere [30] . Briefly, albendazole was highly efficacious against Ascaris lumbricoides infection (mean egg reduction rates (ERR) = 98.8%; 95% CI: 92.1, 99.9) and hookworm infection (ERR = 86.3%; 95% CI: 71.6, 93.0); and it was moderately efficacious against Trichuris trichiura infection (ERR = 42.2%; 95% CI: 25.6, 53.5).
At follow-up, children who had received the health hygiene education intervention scored significantly higher on all aspects of a test of STH-related knowledge compared children who had not received the intervention (Table 2) . Children in the intervention group scored, on average, 5?3 points higher, out of a possible score of 12 (i.e. 44% higher) than children in the control group. This result remained significant in the multivariable analysis (aOR = 18?4; 95% CI: 12?7 to 26?6). At follow-up, the odds of having a one point increase in score was, on average, 18 times higher in the intervention schools compared with the control schools.
In univariate analyses, the increased knowledge in children in the intervention group translated into behavioural change with regard to treating water before drinking it and bathing in the river (Table 3) . At follow-up, children who had received the interven- Table 4 . tion were less likely to drink water directly (without treating it) and were less likely to bathe in the river compared with children who had not received the intervention. In multivariable analysis, children in the intervention schools had a 0?58 decreased odds of reporting consuming water directly compared with children in the control schools (aOR = 0?58; 95% CI: 0?44 to 0?76). Children in the intervention schools had a 0?72 decreased odds of reporting bathing in the river at follow-up compared with children in the control schools; however, this result did not reach statistical significance (aOR = 0?72; 95% CI: 0?48 to 1?06). No other statistically significant differences in STH-related behaviours between intervention and control groups were observed. While univariate comparisons of STH infection between intervention and control schools did not show statistically significant differences (Table 4) , in multivariable analyses, children in intervention schools had a statistically significant decrease in Ascaris lumbricoides intensity compared with children from control schools (aIRR = 0?42; 95% CI = 0?21 to 0?85) ( Table 5 ). At followup, the intensity of Ascaris lumbricoides infection in children from intervention schools was 58% lower than children from control schools. There were no statistically significant differences observed between children of intervention and control schools in the intensities of either Trichuris trichiura or hookworm infection (Table 5) , nor in the prevalences of any STH infection (Table 6) . No statistically significant differences in the effect of the intervention on STH infection were observed between the sexes (data not shown). The regression analysis for spillover effects revealed that contamination between intervention and control schools had not occurred (data not shown). Intracluster correlation coefficients for each STH prevalence are shown in Table 7 .
Discussion
This study examined the effect of a post-deworming hygiene education intervention on the level of STH-related knowledge, risk behaviours and the prevalence and intensity of STH re-infection using a pair-matched cluster-randomized controlled trial design. Compared with children from control schools, at follow-up (i.e. four months after deworming), children from intervention schools had higher scores on a test of STH-related knowledge, were less likely to bathe in the contaminated river, were more likely to treat/ boil water before consumption, and had lower intensity levels of Ascaris lumbricoides infection. These results suggest that the health hygiene educational intervention was successful at improving Grade 5 children's knowledge regarding STHs and that this increase in knowledge translated to some improvements in health hygiene behaviours which led to a reduced intensity of Ascaris lumbricoides infection. No reduction was observed in either the intensity of Trichuris trichiura or hookworm infections. This was somewhat expected for Trichuris trichiura given that albendazole has been shown to have very low cure rates (i.e. approximately 28%, compared with 88% for Ascaris lumbricoides and 72% for hookworm) [36] . The relatively low prevalence of hookworm in our study population and the fact that the observed behaviour changes in the intervention schools were not found to affect its mode of transmission (i.e. contact with bare skin) could explain the lack of significant effect on intensity of hookworm infection. In addition, we only used one day's stool collection for outcome assessments, and, although this will yield very good accuracy for Ascaris lumbricoides and Trichuris trichiura, the moderate sensitivity of this technique for hookworm (i.e. 65.2%) could have biased our results [37] .
Although this study documented reduced Ascaris lumbricoides intensity levels following the educational intervention, no statistically significant differences in prevalences were found. Intensity is, in fact, a more appropriate indicator of morbidity than STH prevalence and deworming programs are designed primarily to reduce population-level infection intensity levels rather than prevalence. It is inevitable that children will become re-infected following deworming (especially in the first few cycles of a deworming program); however, a decrease in intensity levels represents reduced morbidity and is indicative of important health benefits [38] . Behaviour change is a long-term outcome measure and a longer follow-up period, with continued education, would likely produce more marked changes in behaviour and subsequent decreases in STH infection (in both intensity and, eventually, Table 7 . Intracluster correlation coefficients (ICCs) for STH reinfection prevalences, four months post-deworming (N = 571, from the 9 control schools). prevalence). The major strengths of this study include the large sample size, the randomized design, the high response and follow-up rates, and, appropriate statistical adjustment for clustering by schools, the matched-paired design, and potential confounders. One limitation of this study is related to the open-label design. Although difficult to assess, it may be possible that students' knowledge of their exposure status (i.e. whether they received the intervention or not) may have biased their self-reported responses to the behaviour questions, leading to potential measurement error. Another limitation is that we only had one follow-up period (i.e. four months) and we cannot conclude if knowledge of STH transmission and the protective effects on intensity of Ascaris lumbricoides intensity of infection can be maintained over longer time periods. Finally, STH-related behaviours were measured by self-report, which may have introduced measurement error, especially in the intervention group. Due to the large sample size, and feasibility issues, it was not possible to directly observe the behaviours. Self-report from children aged 8-11 years, however, has been found to be a reliable and valid measurement tool in the context of health-related questionnaires [39] .
This study documents the effectiveness of a health hygiene educational intervention, integrated into a school-based deworming program. Our results support the WHO recommendation to include hygiene education into deworming programs. More research is needed to find better ways of translating improved knowledge into sustained behavioural changes. Social marketing at the community level and further involvement of the children's parents in the education intervention could potentially maximize behavioural changes and lead to greater reductions in the burden of STH infection in endemic areas.
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